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Abstract 
“Nanofluids”, a colloidal mixture consisting of nano-sized particles dispersed in a fluid medium with amended thermo-physical 
properties play a critical role in the heat transfer performance of a thermal system. Surface tension is the surface energy per unit 
area or the force per unit length dominates the transportation of the liquid and shows a significant role in heat transfer. However, 
a few numbers of studies demonstrated about the effect of surface tension of nanofluids. Thus, the present experimental study 
investigates the effect of nanoparticles concentration as well as the influence of variation of nanoparticles along with their sizes. 
The nanofluids are prepared by dispersing Al2O3(13nm and 50 nm),TiO2 (21nm) and SiO2 (5~15nm and 10~20nm) nanoparticles 
in Distilled Water (DW).The traditional Du-Noüy ring method was used to measure the value of the surface tension of nanofluids 
by an automatic surface tensiometer (DCAT 11EC). The results show that the surface tension of the nanofluids increases with 
increase in concentration and nanoparticle sizes. Besides,TiO2-DW nanofluids exhibit higher surface tension than Al2O3-DW and 
SiO2-DW nanofluids respectively. All in all, the results indicate surface tension of the nanofluids enhances from 2.62 % to 4.82% 
in comparison with the base fluids for concentration variation of 0.05  Vol % to 0.25 Vol %  at 25 °C. 
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1. Introduction 
“Nanofluids” denoting a suspension of nanoparticles (nominally 1–100 nm in size) in conventional base fluids 
introduced by Choi et al.[1] in 1995.It has shown promising potentiality with advancement of it’s thermo-physical 
properties in the heat transfer performance[2].Surface tension is one of the major property which influences the heat 
transfer performance of a thermal system. It is the amount of surface free energy per unit area of the liquid 
droplet[3]. It has play an important role to find the shape of a liquid droplet which strongly influences the heat and 
mass transfer of a thermal system.Moreover, It has proved the critical impact on the boiling heat transfer[4], thermal 
performance of heat pipes[5],increasing critical heat flux (CHF)[6] and also influencing bubble or droplet 
formation[7]. Further, the addition of nanoparticles creates surface roughness which effect on transportation 
behaviour of the liquid surface by the alteration of surface tension as well as surface wettability[8]. Besides, the 
capillary actions of the working fluids in heat pipes also causes by surface tension[9]. Additionally, the merit 
number, maximum heat transport capability of the heat pipe is defined by the ratio of the product of the surface 
tension, the density and the latent heat of vaporization to the viscosity of the working fluids[10]. Therefore, surface 
tension of the nanofluids is one of the  key parameter to optimize the utility of nanofluids in the heat transfer 
applications. 
Nomenclature 
DW  Distilled Water    RPM Revolution per minute 
nm Nanometer                         KHz       Kilohertz          
h  Hour    °C         Degree Celsius        
 
At present, a comprehensive  studies have been observed about  thermo-physical properties of nanofluids which 
are mostly emphasis on thermal conductivity, viscosity, density and specific heat[11-13]. Nonetheless,an insufficient 
studies have been performed to measure the surface tension of the nanofluids[14]. Besides,there were no remarkable 
deviations observed in the surface tension of Al2O3–H2O nanofluids[15, 16]. However, Zhu et al.[17] found the 
surface tension of the nanofluids decreases with increase in volume concentrations and temperatures. They also 
noticed that surface tension of the Al2O3–H2O nanofluid increases with increase in nanoparticle sizes. Similarly, 
Radiom et al.[18]observed that the surface tension of TiO2–DIW(de ionized water) nanofluids depends on the 
particle concentration and also exhibits a decreasing trend at higher concentrations. On the other hand, Kim et 
al.[19] pointed out that the surface tension of Al2O3, ZrO2 and SiO2 nanofluids increases at lower concentration. 
Correspondingly, Tanvir et al.[20] demonstrated surface tension of nanofluids increases linearly with increase in 
both the concentration and particle size. Besides,Saeid et al.[21] revealed that at first the surface tension of Bi2Te3 
nanofluids decreases and then again increases with increase in concentration. 
 
In a nutshell, the aforementioned studies demonstrated indefinite results on the surface tension of nanofluids 
about concentration and particle sizes. Because of the reults of surface tension influences by many factors such as: 
measurement methods, measuring instruments, nanoparticle sizes, base fluids and concentrations.Thus, the present 
experimental study investigates the surface tension of Al2O3–DW, TiO2–DW and SiO2–DW nanofluids in terms of 
0.05 Vol % to 0.25 Vol% concentrations along with the variation of nanoparticles and their sizes at constant 25 °C 
temperatures.  
2. Methodology 
2.1. Materials, Sample preparation and distribution  of nanofluids   
In the present study, the two step method was applied to prepare the different volume fractions (0.05 Vol % to 
0.25 Vol %). First, Al2O3 (13nm and 50 nm), TiO2 (21nm) and SiO2 (5~15nm and 10~20nm) nanoparticles were 
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purchased and then dispersed in distilled water (DW). Afterwards, the samples were sonicated and obtain the desired 
nanofluids. All the nanoparticles were bought from Sigma Aldrich, Malaysia and DW prepared at own laboratory. 
 
 To find the required volume fraction, the mass of the nanoparticles was first calculated by a digital weight gauge 
then dispersed in the required amount of distilled water. Next, the mixture was vigorously vibrated by a mechanical 
shaker (an orbital incubator type) for 1 h at 150 RPM to homogenize the nanoparticles in distilled water. 
Subsequently, an ultrasonic homogenizer was used to produce high amplitudes and breaking down the particle 
clusters. As a result, the nanoparticles were uniformly and evenly distributed in the solution. The sonication process 
was maintained in a series of 2–second long pulses in 2 seconds apart for 2 h at the frequency of 10 kHz (50% 
amplitude of total capacity 20 kHz). Moreover, the process was performed in a refrigerated circulator bath (C–DRC 
8, CPT Inc., South Korea) to maintain a constant temperature (20°C) within the mixture. The microstructure of the 
nanofluids was analyzed after 24 h of preparation using the Transmission Electron Microscopy (TEM) with 120 kV 
and 20,000 magnification scale by using TEM LIBRA 120, made by Zeiss, Germany. Figure 1 shows that the 
nanoparticles are dispersed well and any strong agglomerations were not detected among the particles. 
 
 
 
                                    (a)                                      (b)                        
                                    (c)                                      (d) 
 
200 nm 500 nm 
200 nm 200 nm 
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                                 (e) 
 
 
Fig. 1. image of a) Al2O3 (13 nm) b) Al2O3 (50 nm) c) TiO2 (21 nm) d) SiO2 (5~15 nm) and e) SiO2 (10~20 nm) nanoparticles dispersed in DW. 
2.2. Measurement of Surface tension of nanofluids 
In the present study, the surface tension of the nanofluids measured by using Du–Noüy ring method (DIN 53915 and 
ASTM- 971) by an automatic surface tensiometer (DCAT 11EC, Data Physics Instruments GmbH, and Germany). 
The tensiometer contains a high performance electro-dynamic compensation balance (0.1 mg to 210 g ± 0.01 mg) 
with an auto calibration function. The measuring range of the instrument is 1 to 1000 mNm-1; ± 0.001 mNm-1. A 
Du–Noüy ring RG11, (Platinum-Iridium, and Part no.2000321), 70 mm diameter sample vessels, as well as SCAT 
31 software were used to collect the values of surface tension. Fig.2 shows that the value of surface tension 
measured by pulling and pushing on the ring at an interval of time. Three readings were taken to a particular 
concentration and the average value was taken for the final calculation. All the measurements were performed at 
atmospheric pressure.  
Fig.2.  Surface tension of nanofluids as a function of time 
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3. Result and discussion 
3.1.  Effect of concentration  
The effect of variation of volume concentrations (from 0.05 to 0.25 Vol %) on the surface tension of the nanofluids 
have been plotted in Fig. 3. The results clearly show that the value of the surface tension of the nanofluids increases 
with the increase in nanoparticle volume fractions. For example,  surface tension of TiO2–DW nanofluids varies 
from 71.67 mNm-1 to 72.44 mNm-1 for the concentrations of 0.05 to 0.25 Vol % at 25 °C. The similar trends are also 
observed for surface tension of Al2O3 (50 nm, 13 nm)–DW and SiO2 (5~15nm and10~20 nm)–DW nanofluids. The 
results agree with the experimental studies of Godson et al.[22] and Tanvir et al.[20]. As the volume fractions 
increases, the addition of nanoparticles increases concurrently and, then the surface tension of the nanofluids 
increases consequently. As the amount of nanoparticles increases in the base fluid, more nanoparticles are driven to 
the liquid surface and try to get closer to each other. As a result, a strong, cohesive force exerted between the 
molecules and resulting higher surface tension of  nanofluids[20].Besides, when the concentration increases, the 
mean spacing between the molecules and the nanoparticles reduces.Hence, an attractive Van der Waals force is 
employed over the electrostatic repulsion force between the molecules which increases the surface tension of the 
nanofluids. 
 
Fig. 3.  Surface tension of nanofluids as a function of volume concentration at 25°C 
 
3.2 Effect of variant nanoparticles and their sizes  
 
Apart from volume concentration, variety of nanoparticles and their sizes  are also influencing the result of surface 
tension of the nanofluids which are clearly expresses in the Fig. 4.The results indicate that the surface tension of 
TiO2–DW nanofluid is higher than that of Al2O3(50 nm and 13 nm)–DW and SiO2(10~20 nm and 5~15 nm)–DW 
nanofluids respectively due to the difference of their bulk densities.When the density changes, the attraction 
between the nanoparticles and water molecules changes, thus the Van der Waals forces of the liquid surface has also 
changes and resultant a variation of surface tension for different nanofluids. 
 
The Fig.4 also reveals that surface tension of nanofluids increases with the increase in nanoparticle sizes. The results 
are consistent with the findings of Tanvir et al.[20].This is due to the fact that the smaller nanoparticles exhibit 
70
71
72
73
0.05 0.10 0.15 0.20 0.25
Su
rf
ac
e T
en
si
on
 (m
N
m
-1
) 
Concentration of Nanoparticles (Vol%)  
TiO2 (21)
Al2O3 (50)
Al203 (13)
SiO2 (10~20)
SiO2 (5~10)
TiO2 (  nm) 
Al2 3 (50 nm) 
Al2O3 (  nm) 
SiO2 (10~20 nm) 
SiO2 (5~10 nm) 
436   M.H.U. Bhuiyan et al. /  Procedia Engineering  105 ( 2015 )  431 – 437 
higher surface charge density compare to the larger nanoparticles[23]. As a result, the electrostatic repulsion force 
between the nanoparticles and the liquid molecules increases which enhances the adsorption to the surface and 
therefore, reduces the surface tension of smaller size nanoparticls[24]. Moreover,when the particle size increases,the 
surface area as well as the surface free energy decreases and consequently increases the surface tension of the 
nanofluids.  
 
 
Fig. 4.  Enhancement of Surface tension of nanofluids as a function of volume concentration at 25°C 
 
3.3 The surface tension enhancement of the nanofluids 
 
Besides the surface tension of the nanofluids increases with increase in concentration and particle sizes, it is also 
enhanced compared to the pure base fluids. The surface tension of distilled water found 69.11 mNm-1 at 25 °C. 
However, the measured value  of the surface tension of the nanofluids indicates an increasing trend in comparison to 
the base fluids. The Fig.4 also exhibits the enhancement of surface tension of nanofluids with respect to 
concentration and particle size. It is shown that the surface tension of nanofluids enhances consecutively in TiO2-
DW, Al2O3-DW and SiO2-DW  nanofluids.The improvements are observed about 2.62% to 4.82% from 0.05 to 0.25 
Vol% at 25 °C. When the nanoparticles added in the liquid, the molecules of nanoparticles and water  interact with 
each other. As a result, the forces of nanoparticles and the adjacent nanoparticles along with the forces of liquid 
molecules intervened in the liquid surfaces. And hence, an attractive Van der Waals forces are exerted which 
increases the surface free energy and resulting the enhancement of surface tension.The findings are also analogous 
with the outcomes of Moosavi et al.[25].  
4. Conclusion 
The experimental study inferred that the surface tension of nanofluids alters with base fluid with the influence of  
concentration, nanoparticle types and their sizes. And, the study point out the surface tension of the nanofluids 
increases compared to that of the base fluid in all cases. The following statements are addressed as the outcome of 
this study.   
 
a) The surface tension of the nanofluids increases with increase in concentration. 
b) The Surface tension value of Al2O3, TiO2 and SiO2  nanofluids differs with each other due to the variation 
of nanoparticles bulk density. And larger nanoparticles exhibits a higher surface tension than that of smaller 
nanoparticles. 
More studies are essential to find the suitable models or correlations for the prediction of the enhancement of surface 
tension with respect to all of the effective parameters.  
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